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(54) Geosynchronous Satellite Communication System 

(57) A geosynchronous satellite system uses crosslinks (30) between geosynchronous satellites (16) which 
travel along the same ground path (18) or are located within a common orbital slot (32) in order to increase 
traffic-carrying capacity and decrease signal delays. The geosynchronous satellites (16) can have substantial 
angles of inclination to provide high quality coverage within a wide range of latitudes (40, 42). In addition, the 
orbits can be elliptical, resulting in concentrated network capacity in either the northern or southern 
hemisphere. For co-posttioned satellites, orbit perturbations are introduced in order to eliminate crosslink 
blockage caused by intervening satellites. Methods for deploying and operating the geosynchronous satellite 
system enable network capacity to be modified and routing, crosslinks, and handoffs to be controlled. 
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GEOSYNCHRONOUS SATELLITE 
COMMUNICATION SYSTEM AND METHOD 

5 Field of the Invenrion 

The present invention relates generally to satellite systems and, more 
particularly, to satellite communication systems using geosynchronous satellites. 

10 Background of the Invention 

International regulations govern the placement and station keeping for 
geosynchronous satellites. These regulations require the ground path of a 
geosynchronous satellite to intersect the equator only within a tolerance window, or 

15 "orbital slot", which is allocated to the satellite. Typically, each orbital slot is 

centered over a single longitude and is defined about the central position by ±0.05 
degrees to ±0.1 degrees of longitude. Orbital slots currently are centered at every 
two degrees of longitude (i.e., 180 slots exist around the earth). This separation 
helps to ensure that signals emitted from satellites located in adjacent orbital slots 

20 will not signiHcantly interfere with each other. 

The finite availability of orbital slots encourages satellite designers to design 
geosynchronous satellites having the largest possible data-carrying capacity. The 
capacity of a geosynchronous satellite is typically proportional to the size of the 
satellite and is limited by the state of cuirent technology. Large, prior art 

25 geosynchronous satellites are expensive to build and place in orbit. Because of the 
expense, it is not typically feasible to frequently replace geosynchronous satellites 
which have too little traffic-carrying capacity due to inadequate size and/or outdated 
technology. 

In some prior art systems, multiple geostationary satellites are placed within 
30 a single orbital slot in order to increase the traffic carrying capacity of the system 
within that slot. This is referred to as co-positioning or co-location. For exanq^le, 
multiple geostationary Astra satellites are operated within an orbital slot centered at 
19.2 degrees east. U.S. Patent No. 5,506,780 (Montenbruck, et al.) also discloses a 
geostationary satellite system which includes multiple, co-located sateUites. As 
35 used herein, two co-positioned satellites are considered "adjacent" to each other if 
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no other satellites are located between the two satellites. Thus, two satellites are 
"non-adjacent" when another sateUite is located between the two satellites. A 
satellite located between two co-positioned satellites is referred to herein as an 
"intervening" satellite. 
5 In order for communication to occur between two ground communication 

devices which are located within non-overlapping coverage areas of different 
geostationary satellites, signals must be sent up to the first satellite, then down to a 
ground station in view of both satellites, then up to the second satellite, and finally 
down to the other device. The up-down path from a single satellite is called a "bent 
10 pipe". 

The use of bent-pipe links lead to large signal delays due to the distance 
between the satellites and ground communication equipment Because of the large 
distance between a geostationary satellite and the surface of the earth, a radio signal 
emitted from a near-equatorial point on the earth incurs a time delay of 

15 approximately 120 milliseconds (ms). In prior art systems, the radio signal is 
translated to another portion of the spectrum (i.e., to avoid interference) and 
transmitted to the signal's destination. Thus, the signal incurs a total delay of at 
least 240 ms. When a signal has to be transmitted through multiple bent-pipe 
geostationary links, the delay increases geometrically. 

2 0 Signals emitted from ground equipment located at higher latitudes incur 

even longer time delays because the distance between a non-equatorial point and a 
geostationary satellite is greater than the distance between a near-equatorial point 
and the equator. Delays inherent in bent-pipe links make direct communication 
links between geostationary satellites desirable. 

25 However, narrow-beam, direct links between non-adjacent, co-positioned 

geostationary satellites are not possible in prior-art systems because intervening 
satellites would interrupt the line-of-sight between the non-adjacent satellites, thus 
dismpting the link. 

Besides increased time delays, non-equatorial signals also suffer decreased 

30 signal quality due to the curvature of the earth, increased atmospheric 

considerations* and ground obstacles located along the line-of-sight between the 
equipment and the geostationary satellite. In fact, above a certain latimde, ground 
equipment is incapable of communicating with prior art geostationary satellites. 
Basically, the coverage area of a geostationary satellite is relatively fixed to an area 
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near the equator. This limitation is unfortunate because areas of the highest traffic 
demand are not coincident with the equator. 

What is needed is a method and apparatus which enables the data carrying 
capacity within a particular geosynchronous orbital slot to be increased relative to 
5 demand and in conjunction with state-of-the-art technology. Further needed is a 
method and apparatus to decrease signal delay for co-positioned geostationary 
satellites by enabling non-adjacent, co-positioned geostationary satellites to 
communicate directly with each other without interruption from intervening 
satellites. Also needed is a method and apparatus for decreasing signal delay while 

1 0 increasing signal quality for ground equipment which is located at high latitudes and 
which communicates using geosynchronous satellites. AdditionaUy needed is a 
method and apparatus to increase the coverage area of geosynchronous satellite 
systems to include ground equipment at high latitudes which are not currently 
capable of receiving geosynchronous satellite service. Also needed is a method and 

15 apparatus to selectively provide geosjoichronous satellite capacity to non-equatorial 
geographical areas. Further needed is a method and apparatus for providing global 
conmsunication coverage using geosynchronous satellites. 

Brief Description of the Drawing 

20 

FIG. 1 illustrates a geosynchronous satellite network employing multiple 
satellites in inclined orbits in accordance with a preferred embodiment of the present 
invention; 

FIG. 2 illustrates a geosynchronous satellite network employing multiple 
25 sateUites in an inclined, elliptical orbit in accordance with a preferred embodiment 
of the present invention; 

FIG. 3 illustrates a geosynchronous satellite network employing multiple, 
co-positioned satellites in accordance with a preferred embodiment of the present 
invention; 

30 FIG. 4 illustrates a geosynchronous satellite network employing multiple, 

co-positioned satellites in perturbed orbits in accordance with a preferred 
embodiment of the present invention; 

FIG. 5 illustrates a geosynchronous satellite network employing multiple, 
co-positioned satellites in perturbed orbits in accordance with an alternate 

35 embodiment of the present invention; 
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FIG. 6 illustrates a block diagram of a geosynchronous satellite in 
accordance with a preferred embodiment of the present invention; 

FIG. 7 illustrates a block diagram of a control facility in accordance with a 
preferred embodiment of the present invention; 
5 FIG. 8 illustrates a block diagram of a gateway in accordance with a 

preferred embodiment of the present invention; 

FIG. 9 illustrates a block diagram of a satellite communication device in 
accordance with a preferred embodiment of the present invention; 

FIG. 10 illustrates a block diagram of a wireless conununication unit in 
1 0 accordance with a preferred embodiment of the present invention; 

FIG. 1 1 illustrates a method for deploying a geosynchronous satellite 
network in accordance with a preferred embodiment of the present invention; 

FIG. 12 illustrates a method for routing information through a 
geosynchronous satellite network in accordance with a preferred embodiment of the 
15 present invention; 

FIG. 13 illustrates a method for handing off a communication unit between 
inclined geosynchronous satellites in accordance with a preferred embodiment of 
the present invention; and 

FIG. 14 illustrates a method for establishing crosslinks between satellites of 
20 a geosynchronous satellite network in accordance with a preferred embodiment of 
the present invention. 

Detailed Description of the E>rawing 

2 5 The method and apparatus of the present invention enables the data carrying 

capacity within a particular geosynchronous orbital slot to be increased relative to 
demand and in conjunction with state-of-the-art technology. The method and 
apparatus of the present invention also decreases signal delay for co-positioned 
geostationary satellites by enabling non-adjacent, co-positioned geostationary 

30 satellites to communicate directly with each other without interruption from 
interverung satellites. The method and apparatus of the present invention also 
decreases signal delay while increasing signal quality for ground equipment which 
is located at high latitudes and which communicates using geosynchronous 
satellites. Additionally, the method and apparatus of the present invention increases 

35 the coverage area of geosynchronous satellite systems to include ground equipment 
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at high latitudes which are not currently capable of receiving geostationary satellite 
service. Also, the method and apparatus of the present invention selectively 
provides geosynchronous satellite capacity to non-equatorial geographical areas. In 
addition, the method and apparatus of the present invention provides global 
communication coverage using geosynchronous satellites. 

The method and apparatus of the present invention will be described in detail 
below. Briefly, the above-listed advantages of the present invention are achieved by 
co-locating multiple geosynchronous satellites along a common ground path and 
providing crosslinks between the satellites. Crosslinks between geosynchronous 
satellites provides the system with networking capability between satellites and 
reduces signal delays. In addition, the data carrying capacity of a network can be 
increased relative to demand by deploying additional satellites along the common 
ground path. 

Advantages are also achieved by providing crosslinks between co-positioned 
geostationary satellites which are be maintained without interruption from 
intervening satellites by intentionally introducing small perturbations into the orbits 
of select, co-positioned satellites. 

For ground equipment located at high latitudes, signal delay is decreased by 
providing multiple geosynchronous satellites having orbits which are inclined to the 
equator. This causes each sateUite to reach higher latitudes within its ground path, 
thus decreasing the distance to high latitude equipment. In addition, the inclined 
orbits enable the geosynchronous satellites to provide service to ground equipment 
at latitudes which were not capable of obtaining service from prior-art systems. 
Increased network capacity can be adjusted in non-equatorial regions (i.e., either the 
northern or southern hemisphere) by making the inclined orbits eccentric. Global 
coverage is achieved by linking multi-satellite geosynchronous networks together 
which are located in different orbital slots. 

FIG. 1 illustrates geosynchronous satellite network 10 employing multiple 
satellites 16 in accordance with a preferred embodiment of the present invention. 
Network 10 includes satellites 16 which orbit earth 12 in a manner such that the 
ground path 18 of satellites 16 is symmetrical about equator 14. 

Satellites 16 arc geosynchronous satellites whose ground path 18 intersects 
the equator within a cotiunon orbital slot 32. In a preferred embodiment, satellites 
16 have angles of inclination which are greater than a nominal value (e.g., less than 
a few degrees) so that satellites 16 can attain latitudes which are significantly higher 



than those attained by prior-art geostationary satellites. By using such an inclined 
orbit, the geosynchronous satellite will move into and out of communication range 
of higher latitude locations on the earth's surface. FIG. 1 illustrates that the ground 
path 18 of satellites 16 can attain latitudes wdthin a range of latitudes 40 to 42. 
5 In a preferred embodiment, the orbits for each satellite 16 are inclined at the 

same angle. In alternate embodiments, the orbits for satellites 16 could be inclined 
at different angles, which would result in satellites which follow different ground 
paths, although each ground path would intersect the equator within the same orbital 
slot 

10 In a preferred embodiment, satellites 16 are located in orbits which cause 

satellites 16 to follow a near identical ground path 18. Satellites 16 are phased in 
their orbits so that they are distributed at varying points along ground path 18. In 
one embodiment, satellites 16 are equally phased in their orbits. This means that 
satellites 16 are phase-separated from each other by a value of 360 degrees divided 

15 by the number of satellites 16. With five satellites as shown in FIG. 1, satellites 16 
would be phase-separated firom each other by 360/5 degrees, or 72 degrees. Thus, 
the right ascension of the ascending nodes for each satellite 16 would be separated 
by 72 degrees. 

In altemate embodiments, satellites 16 need not be equally phase- separated. 

2 0 For example, when the traffic carrying capacity of network 10 needs to be increased 
due to increased traffic demand, additioneil satellites could be deployed in orbits 
where the additional satellites also have ground path 1 8. Each additional satellite 
could be deployed at a phase which put them at any point along ground path 18. 
There is no physical requirement that satellites 16 be equally phased upon 

25 deployment or when additional satellites are added to network 10. 

Unequally phased satellites could produce uneven, time-dependent traffic- 
carrying capacities throughout the communication network. This uneven capacity 
could be controlled in time so that greater or less capacity is provided at specific 
local times of day in specific regions. For example, when a new satellite is added to 

30 the network which is not equally phased with respect to the other satellites, more 
capacity is added to the network for areas in range of the point in the ground path 
where the new satellite is located. The location of the new satellite along the ground 
path could be planned such that the increased capacity is provided to an area having 
high demand at a particular time of day. 
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In a prefeired embodiment, satellites 16 communicate with each other over 
crosslinks 30 which can be radio frequency (RF), optical, and or laser links. A 
crosslink 30 can be established between any two satellites 16 which are located 
within the same orbital slot and are within communication range of each other. In 
other preferred embodiments, a "cross-slot" link (not shown) can be established 
between a satellite 16 located within one orbital slot 32 and a satellite (not shown) 
located within a different orbital slot (not shown) or located in a non- 
geosynchronous orbit Combining crosslinks 30 and cross-slot links enables 
network 10 to provide global communication coverage. For example, network 10 
could be part of a larger, hybrid system which used any combination of 
geosynchronous and non-geosynchronous satellites linked by crosslinks 30 and 
cross-slot links. 

Each satellite 16 has an associated coverage area 20 within which a satellite 
16 is capable of conmiunicating with equipment located on or near the surface of 
earth 12. Satellites 16 communicate with ground based equipment, such as ground 
station 22 and communication unit 24 over downlinks 26, 28, respectively. Links 
26, 28 can be RP, optical, and/or laser links, for example, and can use the same or 
different spectral bands. 

Ground station 22 can be, fos example, a control facility or a switching 
gateway facility. A control facility would perform network control functions and is 
described in more detail in conjunction with FIG. 7. A gateway would enable 
satellites 16 to exchange messages with one or more different networics (not shown) 
such as, for example, a terrestrial land-line or cellular communication network or 
another satellite network. A gateway is described in more detail in conjunction with 
FIG. 8. 

Communication unit 24 can be, for example, a cellular telephone, radio, 
pager, or a data transceiving device (e.g., a video data transceiver) which is capable 
of simplex and/or duplex communication with satellites 16. Conmiunication unit 24 
could use one or more movable antenna dishes to track satellites 16 as is described 
in conjunction with FIG. 9. Alternatively, communication unit 24 could use an 
omnidirectional antenna which does not need to track satellites 16. 

FIG. 1 shows five satellites 16, although more or fewer satellites can be 
used, including as few as two satellites, to achieve the advantages of the present 
invention. In a preferred embodiment, an odd number of satellites are used in 
network 10 (especially where the number of satellites is small) so that equally- 



phased satellites 16 do not simultaneously cross the equator. This eliminates the 
possibility of satellite collisions over the equator. Network 10 could also use an 
even number of satellites, however, as long as collision avoidance and downlink 
interference issues were addressed. As few as three satellites have been shown to 
5 provide a substantially larger coverage area than is achieved with a single 

geostationary satellite. A network using five or more geosynchronous satellites has 
been shown to provide excellent coverage. 

FIG. 2 illustrates geosynchronous satellite network 100 employing multiple 
satellites 1 16 in an inclined, elliptical orbit in accordance with a preferred 

1 0 embodiment of the present invention. Network 100 includes satellites 116 which 
orbit earth 12 in a manner such that the ground path 1 18 of satellites 1 16 is 
asymmetrical about equator 14. FIG. 2 shows five satellites 116, although more or 
fewer satellites can be used, including as few as two satellites. 

In a preferred embodiment, satellites 1 16 are geosynchronous satellites 

15 having angles of inclination which are greater than a nominal value so that satellites 
116 can attain latitudes which are significandy higher than those attained by prior- 
art geostationary satellites. In a preferred embodiment, the orbits for each satellite 
116 are inclined at the same angle. In alternate embodiments, the orbits for 
satellites 116 could be inclined at different angles, which would result in satellites 

20 which follow different ground paths. 

In a preferred embodiment, satellites 1 16 are located in orbits which cause 
satellites 1 16 to follow a near identical ground path 118. As with the network 
described in conjunction with FIG. 1, satellites 1 16 are phased in their orbits so that 
they are distributed at varying points along ground path 118. Satellites 116 can be 

2 5 equally or unequally phased in their orbits. 

Each satellite 116 has an associated coverage area 120 within which a 
satellite 1 16 is capable of coaimunicating with equipment located on or near the 
surface of earth 12. Satellites 1 16 communicate with ground based equipment, such 
as ground station 122 and communication unit 124 over downlinks 126, 128, 

30 respectively. Links 126, 128 can be RF, optical, and/or laser links, for example, and 
can use the same or different spectral bands. Ground station 122 and 
communication unit 124 were described in conjunction with FIG. 1. 

Ground path 118 forms a tear drop pattern due to the elliptical nature of the 
orbits of satellites 1 16. The shape of ground path 118 enables network 100 to 

35 provide more coverage in either the northern or southern hemisphere. As FIG. 2 
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iUustrates, three satellites 1 16 currently are located at latitudes above equator 14 
while two satellites 1 16 are located at latitudes below equator 14. In addition, 
satellites 116 located above equator 14 are spatially closer together, causing their 
coverage areas 120 substantially to overlap. Ground equipment 126, 128 could, 
5 therefore, communicate using any of the three satellites 116 located in the northern 
hemisphere. In geographical areas which are serviced by multiple satellites 116, 
traffic carrying capacity is increased and more traffic demand can be serviced. 

The illustrated configuration enables network 100 to concentrate its traffic 
carrying capacity in the northern hemisphere. By using elliptical orbits with a 

1 0 different orientation, network 100 could concentrate its traffic carrying capacity in 
the southern hemisphere. 

In a preferred embodiment, satellites 116 communicate with each other over 
crosslinks 130 which can be RF, optical, and or laser links. A crosslink 130 can be 
established between any two satellites 116 which follow the same ground path and 

15 are within communication range of each other. In other preferred embodiments, a 
cross- slot link (not shown) can be established between a satellite 116 which follows 
one ground path 118 and a satellite (not shown) which follows a different groimd 
path, including a satellite in a non-geosynchronous orbit Network 100 could be 
part of a larger, hybrid system which used any combination of geosynchronous and 

20 non-geosynchronous satellites linked by crosslinks 130 and cross-slot links. 

An elliptical geosynchronous satellite orbit has been described in U.S. Patent 
No. 4,943,808 (Dulck, et al.). In the Dulck system, a single geosynchronous 
satellite provides coverage within a substantially triangular coverage area defined by 
the elliptical orbit. Other satellites can be used to provide coverage in different 

25 areas. The Dulck system does not use multiple satellites to cover a particular area, 
nor does it use crosslinks between satellites. Therefore, the Dulck system is unable 
to adaptively increase network capacity, nor is it able to decrease signal delays 
inherent in bent-pipe systems. 

FIG. 3 illustrates geosynchronous satellite network 140 employing multiple, 

30 co-positioned satellites 151-154 in accordance with a preferred embodiment of the 
present invention. Satellites 151-154 are dispersed in an orbit 150 around earth 12 
and are co-positioned within orbital slot 156 which represents a regulatory tolerance 
window. Although four satellites 151-154 are shown in FIG. 3, more or fewer 
satellites could be used, including as few as two satellites. 
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Because satellites 151-154 must remain within orbital slot 156, the angular 
distances between satellites 151-154 are very small (e.g., a few hundredths of a 
degree). Although satellites 151-154 are dispersed along a circular orbit, their 
proximity to one another makes their orientation very neariy co-linear. 
5 Crosslinks between adjacent satellites 151-154 enable network 140 to have 

networking capability and also to decrease delays inherent in bent-pipe links. 
However, the nearly co-linear orientation of satellites 151-154 causes difficulty in 
establishing and maintaining crosslinks, especially narrow-band crosslinks, between 
non-adjacent satellites. For example, if an attempt is made to establish a narrow- 

1 0 band crosslink between non-adjacent satellites 151 and 153, intervening satellite 152 
is likely to obstruct the crosslink. FIGS. 4 and 5 illustrate network configurations 
which overcome the problem of blocked crosslinks between non-adjacent satellites. 

FIG. 4 illustrates geosynchronous satellite network 160 employing multiple, 
co-positioned satellites 171-174 in perturbed orbits in accordance with a preferred 

15 embodiment of the present invention. As in FIG. 3, satellites 151-154 are dispersed 
in orbit 170 around earth and are co-positioned within an orbital slot However, the 
orbits of satellites 172 and 173 have been intentionally slighdy perturbed in order to 
eliminate the problem of blocked crosslinks. 

Satellite 172 is shown to follow ground path 176 in a counter-clockwise 

20 direction 177. Satellite 173 is shown to follow ground path 178 in a clockwise 
direction 179. When satellites 172 and 173 are properly phased in their orbits, a 
crosslink between non-adjacent satellites 171 and 173 would not be blocked by 
intervening satellite 172. 

In order to achieve the orbital perturbations shown in FIG. 4, a tiny angle of 

25 inclination (e.g., 0.04 degrees) and eccentricity (e.g., 0.(XXX)5) were added to the 

orbits of satellites 172, 173. In addition, the arguments of perigee for satellites 172, 
173 were adjusted to values of 270 degrees and 90 degrees in order to achieve 
counter-rotating, oval ground paths. Finally, a phase shift was induced to displace 
satellites 172, 173 from each other in their orbits. 

30 In alternate embodiments, different combinations of perturbations could be 

used to effect the orbits of satellites 172, 173, and/or the perturbations could be 
applied to satellites other than satellites 172, 173 to achieve the same effect of 
removing blockage between non-adjacent satellites. For example, perturbations 
could be applied to satellites 171 and 173 rather than to satellites 172 and 173. The 
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scope of the invention is meant to include different combinations of perturbations 
and varying numbers of co-positioned satellites. 

FIG. 5 illustrates geosynchronous satellite network 190 employing multiple, 
co-positioned satellites 181-184 in perturbed orbits in accordance with an alternate 
5 embodiment of the present invention. As in FIG. 3, satellites 181-184 are dispersed 
in orbit 180 around earth and are co-posidoned within an orbital slot However, the 
orbits of satellites 182 and 183 have been intentionally slighdy perturbed in order to 
eliminate the problem of blocked crosslinks. 

Satellites 182 and 183 are shown to follow ground paths 186 and 188, 
10 respectively, which form figure eight patterns. When satellites 182 and 183 are 

properly phased in their orbits, a crosslink between non-adjacent satellites 181 and 
183 would not be blocked by intervening satellite 182. 

Similarly to the network shown in FIG. 4, in order to achieve the orbital 
perturbations shown in FIG. 5, a tiny angle of inclination was added to the OTbits of 
15 satellites 182, 183. However, ground paths 186, 188 form figure eights rather than 
ovals because the arguments of p>erigee for satellites 182, 183 were adjusted to 
opposite values of 0 degrees and 180 degrees and the eccentricity of the orbits is 
zero. Finally, a phase shift was induced to displace satellites 182, 183 from each 
other in their orbits. 

20 In alternate embodiments, different combinations of perturbations could be 

used to effect the orbits of satellites 182, 183, and/or the perturbations could be 
applied to satellites other than satellites 182, 183 to achieve the same effect of 
removing blockage between non-adjacent satellites. 

FIG. 6 illustrates a block diagram of geosynchronous satellite 200 (e.g., 

25 satellites 16, 116, FIGS. 1, 2) in accordance with a preferred embodiment of the 

present invention. Geosynchronous satellite 200 is used to exchange data between 
ground equipment and satellites. In a preferred embodiment, geosynchronous 
satellite 200 includes processor 202 and at least one crosslink transceiver 204, 206, 
208. For a geosynchronous satellite which communicates with ground equipment, 

30 satellite 200 also includes downlink transceiver 210. 

Geosynchronous satellite 200 receives data from at least one other 
geosynchronous satellite via crosslink transceiver 204, 206, 208. In a preferred 
embodiment, the other geosynchronous satellites are located along a common 
ground path (e.g., in a common orbital slot) as satellite 200, although 

35 geosynchronous satellite 200 could also maintain cross-slot links with other 
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geosynchronous satellites located along different ground paths or with satellites in 
non-geosynchronous orbits. 

As explained previously, a crosslink can be an RF, opdcal, or laser 
communication link between two satellites. In a preferred embodiment, 
geosynchronous satellite 200 is capable of maintaining multiple crosslinks when 
multiple other satellites are within communication range, although the advantages to 
the present invention could be realized if geosynchronous satellite 200 is capable of 
supporting only a single crosslink with a single crosslink transceiver 204. 

Processor 202 is used to control crosslink transceivers 204, 206, 208 and 
downlink transceiver 210, and also to control the routing of data received over 
crosslinks and downlinks. The functioning of processor 202 is described in detail in 
FIG. 12. 

In a preferred embodiment, each geosynchronous satellite of a particular 
network is capable of sustaining at least one downlink via at least one downlink 
transceiver 210. In alternate embodiments, some geosynchronous satellites could be 
used only for routing crosslink data, and would not require downlink transceiver 
210. 

Downlink transceiver 210 is used to exchange data with ground equipment 
such as, for example, a control facility, switching gateway, or communication unit. 
Different types of downlink transceivers 210 could be necessary, for example, to 
communicate with a control facility and to communicate with a communication unit. 

FIG. 7 illustrates a block diagram of control facility 300 in accordance with 
a preferred embodiment of the present invention. Control facility 300 is used to 
control operations of the geosynchronous satellite network. In a preferred 
embodiment, control facility 300 includes processor 302 and downlink transceiver 
304. 

Downlink transceiver 304 is used to send and receive data to and from 
satellites. Received data could be, for example, telemetry and/or location data 
which enables control facility 300 to monitor the state of the network. Control 
facility 300 also sends control information to satellites via downlink transceiver 304. 

Control information is created by processor 302. In a preferred embodiment, 
processor 302 controls the formation of crosslinks by determining link setup times 
when geosynchronous satellites will be in a communication range, calculating 
pointing angles of satellite transceivers, and sending control information to the 
satellites so that the crosslinks can be established at the link setup times. This 
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procedure is described in more detail in conjunction with FIG. 14. In alternate 
embodiments, some or all of these calculations and control functions can be 
performed by the satellites rather than by control facility ^00. 

In a preferred embodiment, control facility 300 also includes memory device 
5 306, although it is not crucial to the present invention. Memory device 306 is 
desirably used to store information associated with satellites, such as orbital and 
telemetry data, which are useful for controlling the network. 

HG. 8 illustrates a block diagram of gateway 400 in accordance with a 
preferred embodiment of the present invention. Gateway 400 is used as a switching 
1 0 interface between a geosynchronous satellite network and another nerwork. In a 
preferred embodiment, gateway 400 includes processor 402, downlink transceiver 
404, and at least one external network interface 406, 408, 410. 

Downlink transceiver 404 is used to send and receive data to and from 
satellites. Data sent and received by downlink transceiver 404 would typically 
15 include traffic-related data, although control data also could be exchanged. Traffic- 
related data could include, for example voice, data, call setup/teardown information, 
billing, registration, and telemetry information. Data received finom satellites via 
downlink transceiver 404 is routed by processor 402 to a network interface 406, 
408, 410. 

2 0 Network interfaces 406, 408, 410 interface gateway 400 with other networks 

such as, for example, terrestrial hard-wired, terrestrial cellular, or other satellite 
networks. Gateway 400 can interface with a single or multiple other networks. 

In a preferred embodiment, gateway 400 also includes memory device 412, 
although it is not crucial to the present invention. Memory device 412 is desirably 
25 used to store information associated with system users (e.g., registration, home 

gateway, and/or billing information) and also information used to i>erform routing 
processes. 

FIG. 9 illustrates a block diagram of satellite communication device 500 in 
accordance with a preferred embodiment of the present invention. Satellite 

3 0 communication device 500 is used to receive infomiation from and send information 

to a geosynchronous satellite network. In a preferred embodiment, satellite 
communication device 500 includes at least two satellite dishes 504, 508, at least 
two dish orientation devices 506, 510, processor 502, and at least one downlink 
transceiver 512. In alternate embodiments, satellite coaununication device 500 
35 could have only a single satellite dish 504 and dish orientation device 506, or a 
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single dish orientation device 506 could be used to control the orientation of 
multiple satellite dishes 504, 508. 

Processor 502 is used to control downlink transceiver 512 and dish 
orientation devices 506, 508. Downlink transceiver 512 receives data packets 
5 collected by satellite dishes 504, 508 and sends data packets to satellites via satellite 
dishes 504, 508. 

Satellite communication device 500 can be a duplex device, or a simplex 
device which is capable of transmitting or receiving signals only. When satellite 
communication device 500 is a duplex device, downlink transceiver 512 includes a 
1 0 transmitter and a receiver. When satellite conmiunication device 500 is a simplex 
device which is capable of transmitting only, downlink transceiver 512 includes 
only a transmitter. Similarly, when satellite conununication device 500 is a simplex 
device which is capable of receiving only, downlink transceiver 512 includes only a 
receiver. 

15 Satellite dishes 504, 508 include antennas and are used both to collect 

signals from geosynchronous satellites and to send signals to the geosynchronous 
satellites. Dish orientation devices 506, 508 are used to orient satellite dishes 504, 
508 toward the geosynchronous satellites. As described previously, in a preferred 
embodiment, the geosynchronous satellites of the network follow ground paths 

20 which necessitate reorientation of ground-based, directional receivers. 

Multiple satellite dishes 504, 508 are desirable in a preferred embodiment so 
that satellite communication device 500 can perform a make-before-break handoff 
between geosynchronous satellites. Satellite dish 504 would establish a link with a 
first geosynchronous satellite and track that satellite as it moved in its orbit. 

25 Evenmally, the first geosynchronous satellite could move out of conmiunication 
range of satellite communication device 500. Before that occurs, satellite 
communication device 500 desirably can establish another link with a second 
geosynchronous satellite using satellite dish 506. This handoff procedure is 
described in more detail in conjunction with FIG. 13. 

30 FIG. 10 illustrates a block diagram of wireless communication unit 600 in 

accordance with a preferred embodiment of the present invention. Conununication 
unit 600 is used to receive information from and send information to a 
geosynchronous satellite network. In a preferred embodinwnt, communication unit 
600 includes processor 602, downlink transceiver 604, and user interface 606. 
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Communication unit 600 differs from satellite communication device 500 
(FIG. 9) in that communication unit 600 is able, via downlink transceiver 604, to 
receive signals from and/or send signals to geosynchronous satellites without the use 
of a satellite dish. Communication unit 600 can be a duplex device, or a simplex 
5 device which is capable of transmitting or receiving signals only. When 

communication unit 600 is a duplex device, downlink transceiver 604 includes a 
transmitter and a receiver. When conununication unit 600 is a simplex device 
which is capable of transmitting only, dowrlink transceiver 604 includes only a 
transmitter. Similarly, when communication unit 600 is a simplex device which is 

1 0 capable of receiving only, downlink transceiver 604 includes only a receiver. 

FIG. 1 1 illustrates a method for deploying a geosynchronous satellite 
network in accordance with a preferred embodiment of the present invention. The 
method begins, in step 702, by deploying at least one initial satellite into 
geosynchronous orbit along a common ground path. The characteristics of the 

1 5 geosynchronous orbit depend on the type of configuration employed by the network. 
Examples of network configurations have been described in conjunction with FIGS. 
1-5. 

In step 704, traffic demand is evaluated. The evaluation can be based, for 
exan:^le, on telemetry information received from satellites and/or gateways which 
2 0 indicates the volume of traffic which is being handled by the network. 

A determination is made, in step 706, whether the traffic demand is nearing 
the traffic-carrying capacity of the network (e.g., if the demand is at, near, or has 
exceeded the capacity). If not, the procedure iterates as shown in FIG. 1 1. 

If the traffic demand has neaied trafific-carrying capacity, step 708 is 
25 performed, whereby additional satellites are deployed along the common ground 
path. The additional satellites enable the network to increase its traffic-carrying 
capacity. The procedure then iterates as shown in FIG. 1 1. 

After deployment, the satellites along the common ground path utilize 
crosslinks to route data between each other. FIG. 12 illustrates a method for routing 
30 information through a geosynchronous satellite network in accordance with a 

preferred embodiment of the present invention. The method begins, in step 802, 
when a satellite receives a data packet. In step 804, the satellite evaluates routing 
information associated with the data packet 

In step 806, a determination is made, based on the routing information, 
35 whether the data packet should be routed to a destination satellite which is located 
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along the common ground path. If so, the data packet is sent to the destination 
satellite over a crosslink between the receiving satellite and the destination satellite. 

In a preferred embodiment, if step 806 indicates that the data packet should 
not be sent to a satellite located along the common orbital path, a determinadon is 
5 made, in step 810, whether the data packet should be routed to a destination satellite 
which is located along a different orbital path, or to a destination satellite which is 
non-geosynchronous. If so, the data packet is sent, in step 812, to the destination 
satellite which is not located along the common ground path. If not, the destination 
packet is sent, in step 814, over an appropriate downlink to a ground-based 

1 0 destination device. The procedure then ends. 

Steps 810 and 812 are performed only when a particular network of 
geosynchronous satellites (e.g., FIGS. 1-5) is capable of establishing cross-slot links 
with satellites which are not positioned along the common ground path or within the 
same orbital slot. If this capability exists, global communication coverage can be 

1 5 achieved using the method and apparatus of the present invention. 

For networks having inclined orbits (e.g., FIGS. 1, 2), geosynchronous 
satellites can travel into and out of communication range of ground-based 
equipment. Preferably, at least one geosynchronous satellite of the network will be 
in view of the ground-based equipment at all times. At certain times, it becomes 

2 0 desirable to handoff a communication link with a ground facility from a first 
geosynchronous satellite to a second geosynchronous satellite. 

FIG. 13 illustrates a method for handing off a communication unit between 
inclined geosynchronous satellites in accordance with a preferred embodiment of 
the present invention. The method applies to handofTs of links between 

25 geosynchronous satellites and any type of ground-based equipment (e.g., a 
communication unit, gateway, or control facility). 

The method begins, in step 902, when a link is established between the 
communication unit and a first geosynchronous satellite. If necessary, the 
communication unit tracks the first satellite in step 904 in order to maintain the link 

30 by reorienting an antenna toward the first satellite as the first satellite moves in its 
orbit. Tracking would not be necessary, for example, for a communication unit 
having an omni-directional antenna. 

A determination is made, in step 906, whether a time to handoff to another 
geosynchronous satellite has or will soon arrived. A time to handoff could arrive, 

35 for example, when the first satellite is soon to travel out of communication range of 
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the communication unit. Alternatively, a time to handoff could arrive if a capacity 
of the first satellite is or soon will be exceeded. A communication unit could 
determine that a time to handoff has arrived by its own calculations or from a 
message received from some other device (e.g., a gateway or control facility). If a 
time to handoff has not airived, the procedure iterates as shown in FIG. 13. 

If a time to handoff has arrived, the communication unit establishes a link 
with a second geosynchronous satellite in step 908. Establishing the second link 
requires the second geosynchronous satellite to be within communication range of 
the communication unit. For a communication unit which must track the 
geosynchronous satellites, establishing the link also requires the communication unit 
to orient a second antenna toward the second satellite and to acquire the second 
satellite. 

After the second link is established, the communication imit breaks the link 
with the first satellite in step 910 and the handoff procedure ends. This procedure 
uses a make-before-break handoff sequence, whereby a second link is established 
prior to breaking the first link. In alternate embodiments, the conmiunication unit 
could use a break-before-make handoff sequence or a simultaneous make-tseak 
handoff sequence. The particular handoff sequence used is not crucial to the present 
invention. 

As explained previously, the apparatus of present invention uses crosslinks 
between geosynchronous satellites. FIG. 14 illustrates a method for establishing 
crosslinks between satellites of a geosynchronous satellite network in accordance 
with a preferred embodiment of the present invention. The method preferably is 
performed by a control facility. However, some or all steps can be perfomoed by a 
gateway, satellite, communication unit, or a combination thereof. 

The method begins, in step 1002, by determining a link setup time when a 
first geosynchronous satellite will be in communication range of a second 
geosynchronous satellite. This can be determined, for example, by evaluating 
satellite telemetry data and/or by evaluating satellite orbital parameters to calculate 
the locations of the first and second satellites. 

In step 1004, pointing angles for the crosslink transceivers are then 
calculated for the first and second satellites based on the geometric relationship and 
orientation of the satellites. The pointing angles indicate where each satellite 
transceiver should be pointed in order to establish a crosslink at the link setup tinoe. 

The crosslink transceivers are then controlled, in step 1006, at the link setup 
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time to point toward the other satellite. If a device other than the first and second 
satellite controls the pointing of the transceivers, control would be performed 
indirectly by sending control information to the satellites which enables the satellites 
to establish the links. 

After the crosslink transceivers are appropriately pointed, establishment of 
the crosslink is controlled in step 1008. Once again, if a device other than the first 
and second satellite controls the crosslink setup, control would be performed 
indirectly by sending control information to 'Jie satellites. After the crosslink is 
established, the procedure ends. 

In summary, a method and apparatus has been described which uses multiple 
geosynchronous satellites which use novel orbital configurations and which 
communicate with each other over crosslinks. The method and apparatus of the 
present invention has numerous advantages over the prior art and solves problems 
not addressed in prior art systems. 

The present invention has been described above with reference to preferred 
embodiments. However, those skilled in the art will recognize that changes and 
modifications may be made in these preferred embodiments without departing from 
the scope of the present invention. For example, the processes and stages identified 
herein may be categorized and organized differently than described herein while 
achieving equivalent results. In addition, communications payloads on board the 
satellites are extended to include imaging information, navigational information, 
surveillance information, and any other information derived from the earth-space 
geometry of the network and the transfer of such information. These and other 
changes and modifications which are obvious to those skilled in the art are intended 
to be included within the scope of the present invention. 
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CLAIMS 



What is claimed is: 



5 1. A satellite communication network comprising multiple geosynchronous 
satellites located within a common orbital slot, wherein the multiple 
geosynchronous satellites communicate with each other over at least one 
crosslink between the multiple geosynchronous satellites, and at least one 
satellite of the multiple geosynchronous satellites communicates with at least 
1 0 one ground device over a downlink between the at least one sateUite and the at 

least one ground device. 



2. The satellite communication netwoik as claimed in claim 1, wherein the 
multiple geosynchronous satellites have right ascension of ascending nodes 

15 which are separated from each other by a value equal to 360 degrees divided 

by a number of the multiple geosynchronous satellites. 

3. The satellite communication network as claimed in claim 2, wherein the 
multiple geosynchronous satdtlites have phases which are separated from each 

2 0 other by a value equal to 360 degrees divided by a number of the multiple 

geosynchronous satellites. 

4. The satellite communication network as claimed in claim 1, wherein the at 
least one satellite has an angle of inclination which is greater than a nominal 

25 value such that the at least one satellite moves into and out of a 

communication range of at least one location on an earth's surface. 

5. The satellite communication network as claimed in claim 1, wherein at least 
one of the multiple geosynchronous satellites communicates with at least one 

30 other satellite in a differing orbit over at least one additional crosslink. 
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The satellite communication network as claimed in claim 1, wherein the 
multiple geosynchronous satellites comprise at least three satellites which are 
located in orbits which are substantially co-linear throughout a period of orbit, 
and a perturbation is applied to an orbit of at least one satellite of the at least 
three satellites such that a crosslink between any two of the at least three 
satellites is not interrupted by a physical blockage of any other one of the at 
least three satellites. 

A satellite communication network comprising multiple geosynchronous 
satellites located within a common orbital slot, wherein at least one satellite of 
the multiple geosynchronous satellites has an angle of inclination which is 
greater than a nominal value such that the at least one satellite moves into and 
out of a communication range of at least one location on an earth's surface. 

The satellite communication network as claimed in claim 7, wherein the 
multiple geosynchronous satellites communicate with each other over at least 
one crosslink between the multiple geosynchronous satellites, and at least one 
satellite of the multiple geosynchzx>nous satellites conununicates with at least 
one ground device over a downlink between the at least one satellite and the at 
least one ground device 

A satellite communication network comprising multiple geosynchronous 
satellites which follow a common ground path, wherein at least one satellite of 
the multiple geosynchronous satellites has an elliptical orbit which causes the 
common ground path of the at least one satellite to be non-symmetric about an 
equatorial plane. 

The satellite communication netwoiic as claimed in claim 9, wherein the 
multiple geosynchronous satellites conmiunicate with each other over at least 
one crosslink between the multiple geosynchronous satellites, and at least one 
satellite of the multiple geosynchronous satellites communicates with at least 
one ground device over a downlink between the at least one satellite and the at 
least one ground device. 
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A geosynchronous satellite comprising: 
at least one crosslink transceiver for sending and receiving crosslink data to 

and from another geosynchronous satellite located within a conunon 

orbital slot as the geosynchronous satellite; and 
a processor, coupled to the at least one crosslink transceiver, for controlling 

the at least one crosslink transceiver and for controlling routing of the 

crosslink data. 

The geosynchronous satellite as claimed in claim 11, further comprising: 
at least one downlink transceiver, coupled to the processor, for sending and 
receiving downlink data to and from a ground device. 

A control facility for operating a geosynchronous satellite network comprising 
multiple geosynchronous satellites, the control facility comprising: 
a transmitter for sending control information to at least one of the multiple 

geosynchronous satellites; and 
a processor, coupled to the transmitter, for determining a link setup time 
when a fu^t geosynchronous satellite and a second geosynchronous 
satellite will be in a communicadon range, wherein the first 
geosynchronous satellite and the second geosynchronous satellite are 
located along a common ground path, the processor also for calculating 
pointing angles of a first transceiver of the first geosynchronous 
satellite and a second transceiver of the second geosynchronous 
satellite, such that the pointing angles will enable the first transceiver 
and the second transceiver to communicate with each other over a 
crosslink between the first transceiver and the second transceiver, and 
for sending the control information to the first geosynchronous satellite 
and the second geosynchronous satellite so that the first transceiver and 
the second transceiver can be pointed in accordance with the pointing 
angles and the crosslink can be established at the link setup time. 
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A network switching apparatus for exchanging signals between a first network 
and a second network* the network switching apparatus comprising: 
a transceiver for sending and receiving data to and from multiple 

geosynchronous satellites of a geosynchronous satellite system, 
wherein the multiple geosynchronous satellites are located along a 
common ground path; 
a processor, coupled to the transceiver, for evaluating routing information 
associated with the data and for routing the data to an appropriate 
network interface; and 
at least one network interface, coupled to the processor, for sending the data 
to the second network when the muting information so indicates. 

A satellite communication device for communicating with at least one satellite 
of a geosynchronous satellite network, the satellite communication device 
comprising: 

a first satellite dish for collecting data from a first satellite of the 

geosynchronous satellite network comprising multiple geosynchronous 
satellites located in a conmion orbital slot, wherein the multiple 
geosynchronous satellites communicate with each other over at least 
one crosslink; and 

a processor, coupled to the first satellite dish, for processing the data. 

The satellite communication device as claimed in claim 15, further 
comprising: 

a first dish orientation device, coupled to the first satellite dish, for moving 
the first satellite dish to positions at which the first satellite dish is 
capable of collecting the data from the first satellite as the first satellite 
moves along an orbital path which has an angle of inclination which is 
greater than a nominal value. 



-22- 



The satellite communication device as claimed in claim 15, further 
comprising: 

a second satellite dish for collecting additional data from a second satellite of 
the multiple geosynchronous satellites; and 

a second dish orientation device, coupled to the second satellite dish, for 

moving the second satellite dish to other positions whereby the second 
satellite dish is capable of collecting the additional data from the 
second satellite as the second satellite moves along another orbital path 
which has another angle of inclination which is greater than the 
nominal value, 

wherein the processor is coupled to the second satellite dish and is further for 
receiving the additional data and for controlling a conununication 
handoff pnscedure between the first satellite and the second satellite. 

A wireless communication unit comprising: 

a receiver for receiving data from a first satellite of a geosynchronous 

satellite communication network comprising multiple geosynchronous 
satellites which are positioned along a common ground path, wherein 
the multiple geosynchronous satellites communicate with each other 
over at least one crosslink; and 

a processor, coupled to the receiver, for processing the data. 
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A global geosynchronous satellite communication system comprising multiple 
geosynchronous networks, wherein each of the multiple geosynchronous 
networks is positioned within an orbital slot such that crosslinks between the 
multiple geosynchronous networks enable a communication path to be 
established around 360 degrees of longitude, each of the multiple 
geosynchronous networks comprising: 
at least one geosynchronous satellite positioned along a common ground 

path and having an angle of inclination which is greater than a nominal 
value such that the at least one geosynchronous satellite moves into 
and out of a communication range of at least one location on an earth's 
surface, wherein the at least one geosynchronous satellite is capable of 
communicating with another geosynchronous satellite located along 
the common ground path over a crosslink and is capable of 
communicating with a ground device over a downlink. 

A method for modifying a traffic carrying capacity of a geosynchronous 
satellite network comprising the steps of: 

a) placing at least one initial geosynchronous satellite into 
geosynchronous orbits, wherein the at least one initial geosynchronous 
satellite are placed along a common ground path; 

b) comparing traffic demand with a current traffic canying capacity of the 
at least one initial geosynchronous satellite; 

c) when the traffic demand is near the current traffic carrying capacity, 
placing at least one additional geosynchronous satellite into 
geosynchronous orbit along the common ground path in order to 
increase the current traffic carrying capacity; and 

d) repeating steps b) through c). 

The method as claimed in claim 20, wherein step a) comprises the step of: 
al) placing the at least one initial geosynchronous satellite into the 

geosynchronous orbits, wherein the geosynchronous orbits have angles 
of inclination which are greater than a nominal value such that the at 
least one initial geosynchronous satellite moves into and out of a 
communication range of at least one location on an earth's surface. 
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The method as claimed in claim 21, wherein step a) comprises the step of: 
al) placing the at least one initial geosynchronous satellite into the 
geosynchronous orbits, wherein the geosynchronous orbits are 
elliptical orbits which cause a ground path of the at least one initial 
geosynchronous satellite to be non-symmetrical about an equatorial 
plane. 

The method as claimed in claim 21 , wherein step a) comprises the step of: 
al) placing the at least one initial geosynchronous satellite into the 

geosynchronous orbits, wherein the at least one initial geosynchronous 
satellite have phases which are separated from each other by a value 
equal to 360 degrees divided by a number of the at least one initial 
geosynchronous satellite. 

A method for routing a data packet through a geosynchronous satellite system, 
the method comprising the steps of: 

a) receiving a data packet by a geosynchronous satellite of the 
geosynchronous satellite system, wherein the geosynchronous satellite 
travels along a common ground path with at least one other 
geosynchronous satellite and is capable of communicating with the at 
least one other geosynchronous satellite over at least one crosslink; 

b) evaluating routing information associated with the data packet; 

c) determining, based on the routing information, whether the data packet 
should be routed to a first satellite of the at least one other 
geosynchronous satellite over a first crosslink of the at least one 
crosslink; and 

d) when the routing information indicates that the data packet should be 
routed to the first satellite over the first crosslink, sending the data 
packet to the first satellite over the first crosslink. 
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The method as claimed in claim 24, further comprising the steps of: 

e) detennining, based on the routing information, whether the data packet 
should be routed to a second satellite which is not located within the 
common orbital slot over a second crosslink; and 

f) when the routing information indicates that the data packet should be 
routed to the second satellite over the second crosslink, sending the 
data packet to the second satellite over the second crosslink. 

A method for handing off a communication unit within a geosynchronous 
satellite networic from a first geosynchronous satellite to a second 
geosynchronous satellite, the method comprising the steps of: 

a) maintaining a first communication link with the first geosynchronous 
satellite; 

b) evaluating whether a time to handoff has arrived; 

c) when the time to handoff has arrived, establishing a second 
communication link with the second geosynchronous satellite, wherein 
the Hrst geosynchronous satellite and the second geosynchronous 
satellite are located within a common orbital slot; and 

d) breaking the first communication link with the first geosynchronous 
satellite. 

The method as claimed in claim 26, wherein step b) comprises the steps of: 
bl) evaluating whether the first geosynchronous satellite will soon be out 

of a communication range of the communication unit; and 
b2) when the first geosynchronous satellite will soon be out of the 

communication range, determining that the time to handoff has arrived. 

The method as claimed in claim 26, wherein step c) comprises the steps of: 
cl) determining an identity of the second geosynchronous satellite as a 

satellite that will be in the communication range of the communication 
unit; and 

c2) establishing the second communication link with the second 
geosynchronous satellite based on the determining step. 
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29. A method for establishing crosslinks between satellites of a geosynchronous 
satellite system, the method comprising the steps of: 

a) determining a link setup time when a first geosynchronous satellite and 
a second geosynchronous satellite will be in a communication range. 

5 wherein the first geosynchronous satellite and the second 

geosynchronous satellite are located within a common orbital slot; 

b) calculating pointing angles of a first transceiver of the first 
geosynchronous satellite and a second transceiver of the second 
geosynchronous satellite, such that the pointing angles will enable the 

1 0 first transceiver and the second transceiver to communicate with each 

other over a crosslink between the first transceiver and the second 
transceiver, 

c) controlling the first transceiver and the second transceiver near the link 
setup time to point in accordance with the pointing angles; and 

15 d) controlling establishment of the crosslink at the link setup time. 
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